If the rate of denitrification exceeds the rate of nitrate supply, the likely case during eastern Mediterranean sapropel events when deep-water ventilation was reduced (32) and thermohaline circulation was similar or slowed (32) [R. Zahn, M. Sarnthein, M. Erlenkeuser, Paleoceanography 2, 543 (1987)]) compared with today, no net isotopic fractionation is expressed. In addition, if eastern basin nitrate was isotopically enriched through denitrification during sapropel events, it should be expressed in both chlorophyll and sediments. Instead, we observe that chlorophyll ␦ 15 N remains constant whereas sediment ␦ 15 N decreases in sapropels compared with contemporary and non-sapropel values. 
The incursion of nutrient-rich intermediate waters
into the euphotic zone would not lead to excess supply of nutrients and ensuing nitrogen isotopic fractionation (5). When the pycnocline lies within the euphotic zone of a stratified basin, a deep algal community develops and autotrophic nutrient uptake causes the retreat of the nutricline below the euphotic depth (6) . Implicit in this retreat is expansion of the algal population to meet the increased supply of nutrients. Thus, a nutrient excess within the euphotic zone would not occur, and kinetic fractionation would not be expressed (14 29 (1984) ]. Nitrogen concentrations in desert rivers are very low, with total dissolved nitrogen being 3 M in a representative unpolluted river (38) . A conservative assumption is that Nile River dissolved nitrogen concentrations increased during its flood, possibly to the high values associated with tropical rivers, which are between 2 to 20 M nitrate (38) . Assuming the high value of 20 M [compared with total dissolved nitrogen concentrations of 8.3 M in average world river water (38) ], and twice the high estimate of predam discharge rates, nitrogen input from the Nile during flood is estimated at 0.06 ϫ 10 12 g N year Ϫ1 . Estimates of new production from nutrient and oxygen budgets in the contemporary eastern Mediterranean Sea range from 6 to 12 g C m Ϫ2 year Ϫ1 (1). Assuming a molar C/N ratio of 6.6 gives nitrogen new production fluxes of 1. Nitrogen and argon isotopes were measured in carbonatites and associated rocks from the Kola Peninsula in Russia. The Kola mantle source, which is thought to be located in the deep mantle, is enriched in heavy nitrogen (ϩ3 per mil relative to air) as compared to Earth's surface (atmosphere and crust, ϩ2 per mil) and the shallow mantle (-4 per mil). Recycling of oceanic crust (ϩ6 per mil) or metal-silicate partitioning may account for the nitrogen isotopic composition of the deep mantle.
Determining the structure and composition of the mantle is necessary in order to understand current and past mantle dynamics and mantle-to-crust interactions. For example, some have argued that part of the mantle has been isolated from mantle convection for most of Earth's history, allowing the preservation of a primitive component that is only sampled by plumes. Evidence in support of this view arises mainly from noble gases, because plume-derived magmas often show lower radiogenic/primordial isotope ratios than do mid-ocean ridge basalts (MORBs) (1). At variance with these models are geophysical (2), experimental (3), and geochemical (4 ) lines of evidence that suggest that some of the subducting slabs sink through the 670-kmdeep seismic discontinuity, implying global stirring of the mantle. The nitrogen isotopic composition of the shallow mantle that feeds MORs, which is expressed as per mil (‰) deviation relative to the composition of air [in ␦ 15 N notation (5)], is estimated to be ϳϪ4‰ (6) (7) (8) (9) (10) (11) (12) (13) . This signature may be a remnant of the nitrogen isotopic composition of Earth-forming planetesimals, which later evolved as a result of (i) addition of meteoritic (14, 15) 3 -is the main nitrogen-bearing nutrient, marine organisms and sediments are enriched in 15 N relative to the atmosphere (17) . The oceanic crust thus enriched in 15 N is subducted back into Earth at convergent plate margins, which makes nitrogen a potentially powerful tracer of volatile recycling in the mantle.
Mantle plumes, which are assumed to be fixed relative to plate motion, sample a deeper region than that feeding MORs (19) . The isotopic composition of nitrogen in plumes has not been documented (20 Volatiles trapped in fluid inclusions were released by stepwise crushing, followed by online nitrogen-argon purification and high-resolution static-vacuum mass spectrometry (10, 24) .
The Ne isotopic composition of the mantle is different from that of the atmosphere (25) 36 Ar is primordial in origin). These ratios are used hereafter to determine the isotopic and elemental characteristics of the mantle.
In Kola rocks [and MORBs (10, 13, 27) ), as derived from a global K-Ar-N mass balance of the silicate Earth (27) .
As in the case of MORBs (10, 13) , Kola rocks form a triangular array in a N-Ar isotope plot (Fig. 2) . This feature is consistent with mixing between air (or air-saturated water), sediments, and mantle gases. (21, 26) . (Bottom right) Kernel density estimate (36, 37) of the N 2 / 40 Ar ratios in MORBs (black area) and Kola rocks (white area). ( Table 1) form triangular mixing arrays between the mantle, air (or air-saturated water), and sediments. Ar ratios, which all together indicate a mantle source region (21) . The coupled Sr and Nd isotope systematics in the Kola Peninsula provide no evidence for crustal contamination (29) . Independently, preliminary measurements in our laboratory on basalt glasses from the Society Island hot spot yield positive ␦
15
N values, suggesting that heavy nitrogen is a common feature of plume-derived magmas. In contrast to the characteristics of the shallow mantle, which is depleted in heavy nitrogen by ϳϪ4‰ relative to the atmosphere (6-13), the deep mantle appears to be enriched by ϳϩ3‰. The ␦ 15 N value of the deep mantle outside the range defined by the shallow mantle (6-13) and Earth's surface [crust and atmosphere, ϳϩ2‰ (10)] suggests that the heavy nitrogen is not primordial in origin. It is noteworthy that the late accretion of extraterrestrial matter depleted in 15 N relative to the deep mantle would fail to account for the 15 N depletion of the shallow mantle relative to the atmosphere.
Long-term isotopic fractionation of N during magma genesis and subsequent degassing, if any (28) , are unable to account for the isotopic heterogeneity of present-day Earth. Models of N isotope fractionation between silicate melt and vapor predict that the residual N in the silicates after magma degassing should be enriched in 15 N (7, 30) . Because noble gas isotopic ratios suggest that the deep mantle is less degassed than the shallow mantle (1), one should expect the shallow mantle to be enriched in 15 N relative to the deep mantle, which is contrary to the observation.
Nitrogen is a siderophile element (31), whereas Ar is not (32) . Hence N relative to its metal counterpart. Such a possibility would require appreciable fractionation of nitrogen isotopes to account for the isotopic stratification of present-day Earth, which calls for experimental as well as theoretical confirmation.
Phanerozoic marine sediments and the deep mantle both exhibit high N 2 / 36 Ar ratios and high ␦ 15 N values relative to the atmosphere. An appealing possibility is that the nitrogen carried from the deep mantle to the surface of Earth by plumes is of recycled origin. This interpretation is consistent with the recycling of Ar in Earth's interior (21, 33) but creates a paradox. If the 15 N depletion of the shallow mantle was primordial in origin, as is generally thought (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) , preferential recycling of sediments in the deep mantle would at the same time increase the N 2 / 36 Ar ratio and the ␦ 15 N value of the deep mantle relative to the shallow mantle, which is apparently not the case. A way to get around this difficulty is to consider that the nitrogen isotopic composition of the shallow mantle is not primordial in origin but rather results from the recycling of Archean, 15 N-depleted, sedimentary organic matter (34 ) . An alternative explanation is that the N 2 / 36 Ar ratio of the primitive mantle was lower than the inferred present-day ratio of the deep mantle (ϳ3 ϫ 10 5 ). Early degassing of the shallow mantle would have increased the N 2 / 36 Ar ratio to ϳ5 ϫ 10 6 as a result of preferential retention of nitrogen in silicates under the reducing conditions prevailing at that time (35) . Later on, the N 2 / 36 Ar ratio of the deep mantle would have increased to its presentday value through recycling of surface nitrogen. Further investigation of the nitrogen isotopic composition of ocean islands such as Hawaii or Iceland will allow this unique stable isotope heterogeneity of Earth to be documented.
